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Introduction
Sialons were discovered in the early 1970s [1] [2] [3] [4] ˈand have been developed for structural engineering applications due to their distinct advantages [5, 6] , such as very high strength, good thermal shock resistance and exceptional resistance to wetting or corrosion, et al. (α+β) sialon composites are very promising from the stand-point of tailoring for specific applications because of the flexibility of their phase compositions and microstructure [6] .
The accurate microstructural control of ceramics is essential when specific requirements have to be achieved [7, 8] . The fabrication techniques play an important role in the control of microstructure. Among the techniques, colloidal processes [9, 10] are the frequently-used techniques, which allow better quality control, leading to homogeneous architectures. Gel casting is such a kind of colloidal process invented by Janney and Omatete in 1990s [11, 12] , and has several merits compared with traditional colloidal processes, such as shorter production cycle and higher green strength, especially the much more homogeneous microstructures of the products [13, 14] . Generally, the gel casting process includes dispersion of a ceramic powder in a monomer solution to form a slurry which is subsequently gelled in a mould (to form a homogeneous wet green body) [13] . After drying, binder removal and sintering are carried out as in other ceramic processes. However, the neurotoxicity of the monomer, such as acrylamide in gel casting, limits its application due to the environment and health concern. A lot of efforts hence have been paid to develop alternative gelling agents with low toxicity or nontoxicity [15, 16] . Recently, a ring-open polymerization mechanism was brought into the gel casting process [16, 17] . The polymerization mechanism is based on the poly-addition reaction between a water-soluble epoxy resin and an amine hardener, and is not affected by oxygen. This new technique were successfully applied for different materials and applications, such as PZT for ultrasound devices [18] [19] [20] , zirconia for mirospanner [21] , alumina for microgear [22, 23] , BST for pillar arrays [24] , Y-TZP for helical springs [25] , SiO 2 [26] et al, making it very versatile in the colloidal process of ceramics.
However, few investigations have been done about sialon using the above technique.
Therefore, the present study reports for the first time on gelcasting of sialon based on water soluble epoxy resin, and the goal is to develop an epoxy resin gel casting system which is suitable for near net-shape manufacture of sialon ceramics.
Experimental
Sialon 050 powders (International Syalons Newcastle, England, UK) were used as the raw material. Ethylene glycol diglycidyl ether (EGDE, Nasage, Japan) and bis(3-aminopropyl) amine (Sigma-Aldrich, Germany) were used as epoxy resin and hardener, respectively. The resin content was fixed at 25%, based on the total weight of water and resin for all the slurries. The ratio of resin and the hardener content was 
Results and Discussion
The information of the sialon powders used in this study is exhibited in Figure 1 . Figure 1(a) shows the image of the powders at low magnification and large agglomerates can be observed. This is because the powders were obtained by the spray drying method. However, the agglomerates belong to soft agglomerates, which can be broken easily through ball milling process. As shown in Figure 1 (b) at higher magnification, the primary particle size could be analyzed, and it is around 300nm.
Moreover, the surface area of the powder (BET) is 11.96 cm 2 /g.
The rheological properties of slurries are shown in Figure 2 . Figure 2(a) shows the flow behaviour of slurry with 44.5 vol.% solids loading. When the shear rate was increased, the viscosity decreased and the shear stress increased, which indicates a typical shear-thinning behaviour. This is in agreement with Mao's work [16] .
The SEM micrographs of the fracture surface of the green body (obtained from 44.5vol.% slurry) is shown in Figure 3(a) . Pores generated during the fabrication process could be observed, but most of them can be eliminated during sintering. A typical sintered long bar sample for mechanical test is shown in Figure 3(b) . The microstructure of the sintered long bar is shown in Figure 3(c) , and the sialon grains showed relatively homogeneous needle morphology.
Some properties of the green or sintered samples obtained from the above slurry (44.5
vol.%, 25wt.% resin) are displayed in Table 1 . The using of 25 wt.% resin content was based on our previous study [21] , and the purpose is to obtain strong green bodies suitable for the following mechanically machining. The density of the green body was 2.04 g/cm 3 , while that of the sintered sample reached 3.14 g/cm . More details can be found in Figure 2 (c).
This tendency that higher solids loading leads to higher viscosity is in agreement with many published work [8, 27] . In order to characterize the effect of solids loading on the shape control, drying shrinkage rates for green sample and sinter shrinkage rates for sintered sample in two directions, as indicated in Figure 3 (b), were measured and presented in Table 2 . The shrinkage rates either in direction D1 or D2 decreased with increase of the solids loading, irrespective of green or sintered samples. Increasing the solids loading is helpful to realize near-net-shape manufacture. Among these samples, 48.9 vol.% solids loading led to the smallest shrinkage rates (4.27%, 3.65%, 22.30% and 21.01%, respectively) which is the best for the net-shape manufacture at current stage.
Conclusions
In summary, sialon ceramics could be successfully prepared by using this water-soluble epoxy resin gelcasting system. For all the slurries, when the shear rate was increased, the viscosity decreased and the shear stress increased, indicating a typical shear-thinning behaviour. The density of sialon ceramic obtained from 44.5
vol.% slurry reached 3.14 g/cm 3 , nearly 97% of theoretical density, and the microhardness was 16.5 GPa; the flexural strengths reached 295.2 MPa at room temperature and 281.4 MPa at 700 °C, respectively. Moreover, higher solids loading led to the smaller shrinkage rate, which is better for the net-shape manufacture. The direction of D1 and D2 are shown in Figure 3 
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